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O ABSTRACT 

+-> , We report combined optical and X-ray observations of nova M31N 2007- 12b. Optical spectroscopy 

obtained 5 days after the 2007 December outburst shows evidence of very high ejection velocities 
(FWHM Ha ~ 4500 km s -1 ). In addition, Swift X-ray data show that M31N 2007-12b is associated 
with a Super-Soft Source (SSS) which appeared between 21 and 35 days post-outburst and turned off 
■ between then and day 169. Our analysis implies that Mwd ^1-3 M Q in this system. The optical 

£> ' light curve, spectrum and X-ray behaviour are consistent with those of a recurrent nova. Hubble 

t— I \ Space Telescope observations of the pre-outburst location of M31N 2007-12b reveal the presence of 

a coincident stellar source with magnitude and color very similar to the Galactic recurrent nova RS 
Ophiuchi at quiescence, where the red giant secondary dominates the emission. We believe that this is 
the first occasion on which a nova progenitor system has been identified in M31. However, the greatest 
. similarities of outburst optical spectrum and SSS behaviour are with the supposed Galactic recurrent 

nova V2491 Cygni. A previously implied association of M31N 2007-12b with nova M31N 1969-08a 
Q\ | is shown to be erroneous and this has important lessons for future searches for recurrent novae in 

extragalactic systems. Overall, we show that suitable complementary X-ray and optical observations 
can be used not only to identify recurrent nova candidates in M31, but also to determine subtypes and 
, ' important physical parameters of these systems. Prospects are therefore good for extending studies 

, of recurrent novae into the Local Group with the potential to explore in more detail such important 

j_j ■ topics as their proposed link to Type la Supernovae. 

Subject headings: galaxies: individual (M31) — stars: novae, cataclysmic variables — supernovae: 
general — white dwarfs 



1. INTRODUCTION 

Classical Novae (CNe) are cataclysmic variable stars 
whose outbursts are due to a Thermonuclear Runaway 
(TNR) on the surface of a white dwarf in an in teract- 
ing binary system (see e.g. IStarrfield et al.l [2008) . Re- 
current Novae (RNe) are related to CNe, but have been 
seen to undergo more than one recorded outburst and 
ma y contain evolve d secondary (mass-donating) stars 
(see [Anupama 2008, for a review). Recurrent novae have 
been proposed as one of the primary candidates for the 
proge nitors of Type la Supernovae (SNe - see e.g. lKotakl 
2008, for a recent review). 

At present we know of a total of only 10 RNe in the 



Galaxy with confidence (based on two or more nova out- 
bursts being observed). These RNe appear to fall into 
three main groups, viz.: 

RS Oph/T CrB with red giant secondaries, consequent 
long orbital periods (~ several hundred days), rapid de- 
clines from outburst (~ 0.3 mag day -1 ), high initial ejec- 
tion velocities (> 4000 km s _1 ) and strong evidence of 
the interaction of the ejecta with the pre-existing circum- 
stellar wind of the red giant (from observations of optical 
coronal lines, non-thermal radio emiss ion and hard X-ra y 
development in RS Oph; see papers in lEvans et all 2008): 
The more heterogeneous U Sco group with members' cen- 
tral systems containing an evolved main sequence or sub- 
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giant secondary with an orbital period much more similar 
to that in CNe (of order hours to a day), rapid opti- 
cal declines (U Sco itself being one of the fastest declin- 
ing novae of any type), extremely high ejection velocities 
(v e j ~ 10, 000 km s _1 , from FWZI of emission lines for U 
Sco) but no evidence of the extent of shock interactions 
seen in RS Oph post-outburst (their post-outb urst opti- 
cal sp ectra resemble the 'He/N' class of CNe - iWilliamsl 
1992); 

T Pyx, CI Aql, IM Nor are again short orbital period sys- 
tems and although their optical spectral evolution post- 
outburst is similar, with their early time spectra resem- 
bling the 'Fe II' CNe, they show a very heterogenous set 
of moderately fast to slow declines in their optical light 
curves. This sub-group of RNe also seems to show ejected 
masses similar to those at the lower end of the ejected 
mass range for CNe with M c j ~ 10~ 5 M Q (which appears 
to be one to two orders of magnitude greater than M e j 
in the other two sub-groups of RNe) . 

The short recurrence periods of RNe require high mass 
WD accretors and r elatively high accretion rates (e.g. 
iStarrfield et~aTlll988D . Indeed, both RS Oph and U Sco 
appear to have WDs near to the Chandrasekhar mass 
limit. The WD mass in both these objects has been pro- 
posed as growing a nd therefore they are potential SN la 
proge nitors (see e.g. lSokoloski et aTT l2006: Kahabka et al.l 
1999, respectively) 

The study of RNe is thus important for several broader 
fields of investigation including mass loss from red giants, 
the evolution of supernova remnants and the progenitors 
of Type la SNe. Progress in determining the latter asso- 
ciation in particular, as well as exploring the evolutionary 
history of these close binary systems, is hampered by the 
relative rarity of Galactic RNe. However, since the time 
of Edwin Hubble, CNe have been ob served in extra galac- 
tic systems, in particular M31 (see iShafterl [2008. for a 
review) . In tot al over 800 CN cand idates have been cata- 
logued in M31 (jPietsch et al.ll2007l ) a nd among these are 
thought to lie several RN e (see e. g. Idella Valle fc Livid 
1199a iShafter et al.|[2009bl ). Indeed IPietsch et all (j2007f ) 
identified 4 candidates in their search for the X-ray coun- 
terpa rts of optical novae in M31 (see also iHenze et alj 
2009). In this paper we present evidence for an object in 
M31 previously classified as being a CN as in fact being 
a recurrent nova. We use a combination of optical and 
X-ray observations to explore its more detailed nature, 
emphasise the need for careful exploration of archival ma- 
terial to confirm or rule out previous outbursts, and go 
on to point the way to more extensive observational pro- 
grams in the future. 

2. OBSERVATIONS OF THE 2007 OUTBURST 

Nova M31N 2007-12b was discovered on 2007 Decem- 
ber 9.53 UT (which we take as t = 0) by K. Nishiyama 
and F. Kabashima 1 at mag = 16.1 — 16.2 (unfiltered) 
and located at RA = OOh 43m 19s.94±0s.01, DECL 
= +41°13'46".6 ± 0".l (J2000). They reported that no 
object had been visible at this position on 2007 Decem- 
ber 8.574 UT. FigQ] gives details of these and other op- 
tical observations around peak. Broadband i',V,B plus 
narrowband Ha photometry was subsequently obtained 
with the RATCam CCD camera on the 2-m Liverpool 

1 http://www.cfa.harvard.edu/iau/CBAT_M31.html 



TABLE 1 

Swift XRT data. Upper limits are at the 90% confidence 

LEVEL; ERROR ON THE DETECTION IS la. 



Date (day) 


Obs ID 


Exposure 


count rate 






time (ks) 


(s- 1 ) 


2007-11-24 (-15) 


00031027001 


7.27 


<0.0017 


2007-12-02 (-7) 


00031027002 


1.00 


<0.0073 


2007-12-03 (-6) 


00031027003 


3.63 


<0.0037 


2007-12-16 (+7) 


00031027004 


3.89 


<0.0039 


2007-12-30 (+21) 


00031027005 


4.02 


<0.0034 


2008-01-13 (+35) 


00031027006 


3.99 


0.015 ± 0.002 


2008-05-26 (+169) 


00037719001 


4.86 


<0.0023 



Telescope (LT; iSteele et all 120041 ). LT photometry is 
part of a larger pro gram of photometry a nd spectroscopy 
of novae in M31 (jShafter et ail l2009aD and be gan on 
2007 December 14.94 UT (t = 5.4 days post-outburst) 
then continued for 23 days. The LT data were reduced 
using standard routines within the IRAF 2 and STAR- 
LIN K packag e s, and calibrated against standard stars 
from iLandoltl (11992D and by using the secondary stan- 
dards in M31 (jMagnier et al.lll992_ iHaiman et al.lll994[ ). 
The resulting lightcurves are shown in Fig[TJ 

The astrometric position of M31N 2007-12b was mea- 
sured from an LT Sloan i'-band image taken on 2007 
December 14.95 UT. This image was chosen as a com- 
promise between good seeing and nova brightness. An 
astrometric solution was obt ained using 21 sta rs from the 
2MASS All-Sky Catalogue (|Cutri et aUl2003h which are 
coincident with resolved sources in the LT observation. 
We obtain a position for M31N 2007- 12b of RA = OOh 
43m 19s.97±0s.01 DECL = +41°13'46".3 ± 0".l (J2000; 
consistent with Nishiyama and Kabashima's measure- 
ment). It should be noted that the astrometric uncer- 
tainty is dominated by uncertainties in the plate solu- 
tion. 

Optical spectroscopy was obtained by us on 2007 De- 
cember 15.2 UT (t = 5.7 days) with the 9. 2-m Hobby 
Eberly Telesco pe (HET) using the Low Resolution Spec- 
trograph (LRS: lHill et al.lll998l ). We used the gl grating 
with a 1.0" slit and the GG385 blocking filter, which cov- 
ers 4150-11000 A with a resolution of R ~ 300, although 
we limit any analysis to the 4150 — 8900 A range where 
the effects of order overlap are minimal. Data reduction 
was performed using standard IRAF packages and the 
r esulting spectrum is s hown in Fig|2] 

iKong fe Di Stcfano (2007) reported the detection of a 
Super-Soft X-ray Source (SSS) coincident with the po- 
sition of the nova using t he X-ray Telescope (XRT) on 
board the Swift satellite ((Burrows et al.|[2005h . The de- 
tection was made serendipitously as part of a survey of 
SSSs in the M31 globular cluster Bol 194 on 2008 Jan- 
uary 13.74 UT (i = 35.2 days) with an exposure time 
of 4 ks. They reported previous observations of the field 
on 2007 December 16 and December 30 that had not de- 
tected any source at that position. We have re-analysed 
the XRT data for these epochs and also consulted the 
Swift data archive to review other X-ray observations of 

2 IRAF is distributed by the National Optical Astronomy Ob- 
servatory, which is operated by the Association for Research in 
Astronomy, Inc. under cooperative agreement with the National 
Science Foundation. 
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this field from 2007 November to 2008 May (see Table Q] 
and also Fig [J). 

3. RESULTS AND DISCUSSION 

Nova M31N 2007-12b lies within 1.7" of the quoted 
position of M31N 1969-08a (RA = OOh 43m 19s.9 ±0s.3, 
DECL = +41°13'45"±3" (J2000); i.e. coincident within 
the quoted measurement er rors) which was discover ed on 
1969 August 16.0 UT fsee iSharov fc Alksnisl fl99lf) and 
lies 7.1' from the nucleus of M31. Peak visual magnitude 
was observed one day after the start of the 1969 outburst 
at V = 16.4. Subsequently, the nova declined at a rate of 
> 0.3 mag day -1 making this a very fast nova (jWarnerl 
2008). Supposed positional coincidence and similarities 
in their light curves led to the initial conclusion that the 
outbursts were from the same object. However, consul- 
tation of the original plate material for M31N 1969-08a 
showed that its position is in fact RA = OOh 43m 19s. 6 
±0s.l, DECL = +41°13'44" ± 1" (J2000, i.e. separated 
by 4.8" ± 1.5" from M31 2007-12b) and blinking of the 
1969 and 2007 images confirmed they are indeed separate 
objects (see Figj3]). 

Our optical spectroscopy on day 5.7, shown in Fig. [2j 
reveals strong and very broad (FWHM Ha ~ 4500 km 
s _1 ) Balmer, He I and N III 464.0 nm e mission lines con - 
sistent with the spectra of He/N CNe (jWilliamsl [19921 ) . 
High emission line velocities and fast optical declines are 
associated with ejection from a high mass WD and are 
also typi cal of both the RS Oph and U Sco sub-classes 
of RNe ([Anupamal I2008D . Of these two, the spectrum 
more closely resembles that of RS Oph around 3 days 
after the 2006 outburst (see Fig. [2|), than that observed 
in U Sco or the U Sco sub-class RN V3 94 CrA at simi- 
lar p h ases after their outbursts in 1987 (fSckiguch i et alJ 
[19881 [1981 I Williams et "all li"99ll ) . However, the most 
striking spectral similarity is to the early optical spec- 
trum of nova V2491 Cyg (again, see Fig. [5]) for which, al- 
though only one outburst h as been observed, it has been 
suggested that it is a RN ([Page et alJ 120 09) by virtue 
of its very fast optical decay and high ejection veloci- 
ties t ogether with its low outburst a mplitude (AV^ = 8.5 
mag, Uurdana-Sepic fc Munarill2008fl and dete ction as an 
X-ray source pre-outburst ([Ibarra et ai][2009l ). 

3.1. Constraints from the X-ray data 

Turning now to the X-ray spectra, we re-analysed 
the Swift detecti o n on day 35.2 referenced by 
IKong fc Pi StefanTI IpOOl using the Swift software ver- 
sion 2.9. Source spectra were extracted from the cleaned 
Photon Counting mode event lists, using a 10 pixel 
extraction radius (1 pixel = 2.36"). A total of 49 
background-subtracted counts were found with only one 
count at ~ 0.9 keV and the rest at lower energies. As an 
initial guide this super-soft spectrum was then fitted with 
an absorbed black body spectrum using XS PEC. We es- 
timate d the absorbing column as follows. iStark et al.l 
(1992) derive a Galactic contribution to the column in 
this direction equivalent to Eb-v = 0.1. At the position 
of M31N 2 007- 12b in M3 1 follo wing the methodology 
discussed in lDarnlev et al.l (|2006f ) and Section 3.2 below, 
and assuming that the nova is situated half way down 
the absorbing column internal to M31, we get Eb-v 
= 0.25. Thus the total extinction to the nova is esti- 
mated to be equivalent to Eb-v — 0.35, which in turn 



is equivalent to Ah = 2.1 x 10 21 cm 2 . The best fit to 
the data using this total column then gives kT — 63^g° 
eV (i.e. T = 7 6 i 1 . 2 x 10 5 K) and for d = 7 80 kpc 
to M31 (|Hollandlll99l IStanek fc Garnavicbl[l99l yields 
an absorption-corrected luminosity L = (4.5^4) x 10 38 
ergs s _1 (i.e. around twice the Eddington luminosity for 
a 1.4 Mq WD). We obtained non-detections at the source 
position in 2007 November/December and 2008 May as 
detailed in Table [1] 

From the above observations with Swift, the SSS was 
not detected ~ 15, 7 and 6 days before outburst and at 
7, 21 and 169 days afterwards. We can estimate there- 
fore that the SSS appeared between t ~ 21 and 35 days 
post-outburst and had turned off again at t < 169 days. 
A caveat here is that the onset of the SSS phase has 
shown extre me variability in a few objects so far (e.g. 
RS Oph; see lPage et al.ll2008l ) and there is the possibil- 
ity that the first emergence was earlier than 21 days. We 
can however compare the observed behavior of the M31N 
2007-12b SSS with the properties of this phase in pos- 
sibly related Galactic novae. For example, we note that 
the appearance of the SSS in U Sco was around 19-20 
days after the peak of the optical outburst in February 
1999 (Kahabk a et al.lll999f). We used the mo del parame- 
ters for U Sco found by Kah abka et al.l (|1999f ) to generate 
a spectrum with the correct unabsorbed flux. In order 
to determine the predicted count rate in the Swift XRT 
if the source were placed in M31 at d = 780 kpc, the 
absorbing column was changed to Ah = 2.1 x 10 21 cm" 2 
but the normalization and derived kT were kept fixed. 
Finally, a new spectrum was generated to derive the pre- 
dicted count-rate. Table[5]gives details of the parameters 
of this and other sources described below, together with 
their derived count rates. 

It can be seen f rom Tab le [2] that with the spectral pa- 
rameters given in IKahabka et "all (1999), the SSS emis- 
sion seen in U Sco (d = 14 kpc) would not have been de- 
tectable by Swift at the distance of M31 in the exposure 
times used for M31N 2007-12b, although of course the U 
Sco SSS may have subsequently increased in brightness. 
In RS Oph (d = 1.6 kpc) the SSS emerged and then dom- 
inated the X-ray emission from t ~ 29 days and turned 
off by ~ 90 days (jPage et al.ll2008D . i.e. consistent with 
the timescales in M31N 2007-12b. However, as can be 
seen from Tabled even at the peak of its SSS emission, 
RS Oph would also have been undetected in M31 with 
the Swift XRT. In V2491 Cyg (d = 10.5 kpc) SSS emis- 
sion became apparent after around 25 days (jPage et al.l 
2009) and was sharply peaked at around 40 days. At the 
distance of M31, the Swift XRT observations reported 
here would have detected the V2491 Cyg SSS for a few 
days around this peak (again, see Table [2]) ■ 

It is well established that the SSS arises from continued 
nuclear burning on the WD surface following the TNR 
which is gradua lly unveiled as the ejecta move outwards 
( Krautter 2008) . The deduced temperature and luminos- 
ity of the SSS in the case of M31N 2007-12b are consistent 
with this model. Simplistically, the timescale for uncov- 
ering and observed onset of the SSS phase is given by 
t on oc M^ 2 ^ 1 (jKrautter et al.l 11996ft where M H is the 
mass of H in the ejected envelope and v e j is the ejection 
velocity. Thus for the low ejected masses and high ejecta 
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TABLE 2 

Parameters used to derive predicted Swift count rates for the SSS phase in other novae if at the distance and absorbing 

COLUMN OF M31N 2007-12B (see text for details). 



d Nft kTss Unabsorbed Flux Predicted Count Rate 

(kpc) (cm -2 ) (eV) (ergs s _1 cm -2 ) (s^ 1 ) 

U Sco a 14 2.2 x 10 21 107 5.4 x 10~ 10 1 x 10~ 3 

RS Oph b 1.6 3.4 x 10 21 70 6.3 x 10~ 8 1.1 x 10" 3 

V2491 Cyg c 10.5 3.4 x 10 21 52 2.4 x 10~ 8 9.4 x 10~ 3 



a From Kahabka ct al. (1999) and assuming the unabsorbed flux they quote is for the 0.1-10 keV energy range of the LECS/MECS of 
BeppoSAX. 

b Fit to the Swift XRT data from day 50.5 after outburst during the SSS 'plateau' phase. The unabsorbed flu x is for the 0.3-10 keV energy 
range of the XRT. The Nn value used in the fit includes both interstellar and circumstellar components (sec Page ct al. 2008). 
c Fit to the Swift XRT data from day 41.7 after outburst around the observed SSS peak count rate (Page ct al. 2009). The unabsorbed 
flux is for the 0.3-10 keV energy range of the XRT. 



velocities found in RS Oph-type and U Sco-type RNe, 
t on would be expected to be relatively short compared 
to that for the T Pyx sub-class of RNe or its value for 
most CNe. 

The turn-off time since outburst for n uclear burn- 
ing, i rem , is a steep function of WD mass. QvlacDonald 
(1996) finds for example t rcm oc M W q 3 . Generally in 
CNe this timescale is much l onger than that ob served 
in M31N 2007-12b (although iPietsch et all 120071 . make 
the point that this might be ascribed in part to a se- 
lection effect). For example, in one of the best stud- 
ied cases, the moderately fast CN V1974 Cyg, 511 < 
t rptT1 < 612 davs (iBalman et al.lll998h with Mwn ~ 1M Q 
(IHachisu fc Katol I2006D . From IStarrfield et all (fl99l[ ). 
ircm < 169 days implies Mwd ^ 1-3 M . Similarly, the 
timescale after outburst for the onset of the SSS phase, 
ion, is also a function of Mwd in the sense that t on is 
likely to be shorter for systems containing a high mass 
WD. As noted above, both U Sco and RS Oph have 
very short observed t „„ of 5. 20 days (Kahabk a et alJ 
I1999D and < 30 days (jBode et alJl2006D respectively. In 
both cases, the WD mass is determined to be approach- 
ing the Chandr asekhar mass limit o f Mg. h ~ 1-4 M 
(jKahabka et al.l 119991 : IHachisu et aD l2007h . Similarly, 
the WD mass in V24 91 Cyg is estima ted to be > 1.3 
M (jHachisu fc Katol [2001 [Page et al.l l2009h . In addi- 
tion, we note that envelope composition may also be im- 
portant in determining the duration of the SSS phase. 
However, with t on < 35 days and t rem < 169 days, 
Mwd > 1-3 M w for the range of eny elope compositions 
presented in IHachisu fc Katol ((2006) and in particular, 
Mwd > 1-35 M for the cases of (fast) Neon novae they 
present. 

3.2. A search for the progenitor system 

If M31N 2007-12b arose from a RN system of the RS 
Oph sub-type, it would contain a red giant secondary. 
We thus explored its detection at quiescence in archival 
Hubble Space Telescope (HST) imagery. The HST is ca- 
pable of resolving giant branch stars within M31 (see 
Figil). The positions of both M31N 2007-12b and M31N 
1969-08a lie within a pair of archival HST Advanced 
Camera for Surveys (ACS) Wide Field Channel (WFC) 
images (prop. ID 10273) taken in August 2004 using the 
F814W (~ I) and the F555W (~ V) filters. PSF fit- 
ting photometry was performed on all detected objects 
in both HST pass-bands using DOLPHOT, a photome- 
try package based on HSTphot (lDolphinll2 000). We used 
the relations given in iSirianni et al.l (|2005[ ) to transform 



from these filters to Johnson-Cousins V and /. 

To isolate the position of M31N 2007-12b within the 
HST data we computed the spatial transformation be- 
tween the LT and Gaussian convolved HST data using 
23 stars resolved and unsaturated in both images. This 
approach is independent of the astrometric calibration 
of both fields and hence yields the most accurate results. 
The uncertainty in the derived transformation is small 
when compared to the 0.22 pixel (0.06") average posi- 
tional error of the nova in the LT data. This positional 
uncertainty in the LT data equates to a 1.25 pixel posi- 
tional uncertainty (lc) within the HST data. 

There is a resolved object just inside la from the LT 
position (separated 1.12 HST pixels or 0.89c) seen in the 
.H.STF555W image (see inset of FigE}. We find that this 
object has V = 24.61 ± 0.09 and I = 22.33 ± 0.04, hence 
a color of V — I = 2.3 ±0.1. It should be noted that there 
is a cosmic ray track very close to this object's position 
in the F814W image, hence the /-band photometry may 
have been adversely affected by the subtraction of the 
cosmic ray. There are no other resolved stars within 1.90 
HST pixels or 1.52ct. 

Shown in FigU is the position on a color-magnitude 
diagram of the object spatially coincident with M31N 
2007-12b. This object (assuming no additional inter- 
nal M31 extinction) lies in the M0/M2III (RS Oph sec- 
ondary, purple and dark blue dots respectively) and 
M3III (T CrB secondary, light blue dots) region of the 
Giant Branch. The probability of finding such a star 
(20 < / < 23, 1.5 < V - I < 2.5) at least as close 
to the predicted position by chance is only 3.4%. We 
note as an aside that we have explored the region around 
M31N 1969-08a and found no significant spatial coinci- 
dence with any pre-existing stellar source. 

We estimate the mean /-band extinction across an Sb 
galaxy, such as M31, to be A(I) = 0.8 magnitu des, equiv- 
alent to E B -v = 0.54 (jHolwerda et al.l 120051 ). However, 
we can estimate that the average extinction experienced 
by an object at this position in M31 would be A(r') = 0.7 
magnitudes, equivalent to Eb-v — 0.25 (Da rnlevl 120051 . 
see above). 

We also calculate the position of a quiescent RS Oph 
system on this diagram. We use the LT V and i' lumi- 
nosities of RS Oph in the tim e range of 400-1300 days fol- 
lowin g the 2006 outburst (see lDarnlev. Hounsell. fc Bodd 
120081 for days 400-600) to estimate the mean quiescent 
magnitudes, < V >= 11.03 ± 0.03, < i' >= 9.34 ± 0.02. 
These magnitudes were then corrected for the extinc- 
tion towards RS Oph (E B -v = 0-7 ± 0.1. ISnTjders) [l987h 
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and t he distance to RS Oph (d = 1.6 ± 0.3 kpc, iBodel 
[19871) . The Sloan-z' flux was transformed to the Johnson- 
Cousins system, the system was placed at the distance of 
M31 and reddened by an amount equal to the extinction 
towards that galaxy. We find that the expected mean 
quiescent magnitude of an RS Oph-like system in M31 
(without any internal extinction) is < I >= 21.0 ± 0.5 
with a color of < V — I >= 1.3 ± 0.4. Further correcting 
for the expected average internal M31 extinction yields, 
< I >= 21.5 ± 0.5, <V — I >= 1.8 ± 0.4. We note that 
these values of quiescent magnitudes and colors include 
contributions from other sources than the secondary (e.g. 
any accretion disk). 

4. CONCLUSIONS 

M31N 2007-12b shows several characteristics consis- 
tent with it being a recurrent nova. These include the 
rapidity of its optical decline, extremely high ejection ve- 
locities and early emergence of its SSS phase. The early 
post-outburst optical spectrum also shows some simi- 
larities to that of RS Oph, but most closely resembles 
that of the proposed RN V2491 Cyg. Furthermore, we 
have found a coincident pre-outburst stellar source from 
archival HST observations that resides in the same region 
of the color-magnitude diagram as RS Oph. If this is in- 
deed the quiescent nova system, this is the first time that 
this has been identified in a nova in M31. This finding 
also implies an outburst ampl itude of AV ~ 8.5 mag, 
very s imilar to that given by Uurdana-Sepic fcM unari 
(2008) for nova V2491 Cyg, although around 1 mag 
greater than that for RS Oph. The observed flux from 
the SSS detected in M31N 2007-12b is also more con- 
sistent with that of the short-lived peak at around 40 
days in V2491 Cyg than that of the SSS in RS Oph. On 
the other hand, the secondary maximum reported in the 
light curve of V2491 Cyg at around t = 15 days is not 
apparent in our LT data for M31N 2007-12b. 

Among the Galactic RNe, both U Sco and RS Oph 
sub-types have been proposed as progenitors of Type la 
SNe as JI%d ~ Mch and it has been concluded that 
there is a net accumulation of mass on the WD over 
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time (jKahabka et al.lll999t lHachisu et alj 120071) . Deter- 
mination of the true nature of Type la progenitors is of 
course a very important quest for contemporary astro- 
physics, but still remains a controversial area, recurrent 
novae have been one of the favored systems, but there 
are likely to be more problems in explaining the lack of 
H in SNIa spectra for RS Oph-like than for U Sco-like 
RNe. Certainly, the paucity of Galactic examples re- 
mains a hindrance to further progress. We have shown 
that it is now possible to identify RNe in M31, and even 
to determine their sub-type, via a suitable set of comple- 
mentary observations. However, from our experience we 
caution that identifying RNe from positional (near) coin- 
cid ence of two or more o utbursts can be precarious (e.g., 
see lShafter et al.ll2009bh . All RN candidates should be 
thoroughly explored through precise astrometry of the 
original images, where available. Furthermore, ambigu- 
ities of distance and host stellar population are negated 
for novae in M31, and the soft X-ray absorbing column 
is low, compared to their Galactic counterparts. Thus 
the prospects are good for extending our studies of RNe, 
and in particular exploring any relationship to super- 
novae, from the Milky Way to potentially a much larger 
and better-defined sample of objects in the Andromeda 
galaxy. 
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M31N 2007-12b: An Extragalactic Recurrent Nova? 
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Fig. 1.— The optical light curve of M31N 2007-12b with data from ILee et alj p007ft and the "M31 (Apparent) 
Nova Page" provid ed by the In ternational Astronomical Union, Central Bureau for Astronomical Telegrams (CBAT - 
http://www.cfa.harvard.edu/iau/CBAT_M31.html) comprising both R band and unfiltered CCD observations, plus data from the Liv- 
erpool Telescope (data points from t ~ 5 days after peak and in photometric bands as indicated) . Times of Swift observations (upper limits 
grey; detection at t = 35 days bold) and HET spectroscopy are also shown. 
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Fig. 2. — Low resolution spectrum of M31N 2007-12b taken with the LRS on the HET at t = 5.2 days after discovery. The spectrum 
would classify this object as a He/N Class ical Nova follow ing; maximum light. Also shown for comparison are spectra of the Recurrent Nova 
RS Oph at around 6 days from outburst (Anupama 2008) and the supposed RN V2491 Cyg (from two co-added spectra at around 17 and 
18 days after outburst, Anupama et al. in preparation) - see text for further details. The Ho line in each spectrum has been truncated. 
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Fig. 3.— Main image: Liverpool Telescope Sloan-i' image of M31N 2007-12b taken on 2007 December 14.95 UT, field 4.6' X 4.6'. The 
position of M31N 2007-12b and the new position of M31N 1969-08a are shown by the small white circles (left and right respectively, circles 
have a diameter of 5"). The white boxes indicate the approximate positions of the HST ACS-WFC field. Also shown is the position of the 
nearby globular cluster Bol 167. Inset: HST ACS-WFC image of the ~ 3" X 3" region surrounding M31N 2007-12b. The inner blue circle 
indicates the la (1.25") radius search region for the progenitor, the outer circle the 3<r region, the red cross indicates the position of the 
progenitor candidate. 
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FlG. 4. — Color-magnitude diagram showing the Hipparcos data-set {Pcrryman & ESA 1997] ), with parallax and photo metric errors 
< 10%. The Hipparcos stars have been moved t o the position of M 31 assuming (m-M)o = 24.43 (Erccdman k. Madorc 1990) an estimated 
extinction towards M31 of Eb—v = 0.1 mag {Stark ct al. 1992) and an internal extinction of Eb—v = 0.25. The red point shows the 
candidate for the progenitor of M31N 2007-1 2b. The colored points are known M0/M2III (RS Oph), M3III (T CrB) and M6III (V745 
Sco) secondary stars of RNe (jXnupama 2008). The dark blue hatched ellipse shows the location of a quiescent RS Oph system (with the 
major and minor axes of the ellipse relating to la scatter from the mean). The red arrow shows the extent of the likely effects of internal 
extinction (Ai? s _y = ±0.25). 



